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(54) High-frequency filter 

(57) A coaxial resonator filter (1 ', 50, 50', 50") com- 
prises a dielectric boardlike element (11. 51, 51") and 
on its surface at least one electrically conductive ele- 
ment (17, 1 9, 20, 21 , 52) to provide an electromagnetic 
coupling to at least one coaxial resonator (3, 53). The 



dielectric boardlike element may be the same as the fil- 
ter's base plate, in which case its outer surface compris- 
es a continuous earth plane (55), or it may be parallel 
to a separate electrically conductive base plate (56). 
Link (17), tap (1 9) and capacitive (20) coupling elements 
can be realised on the surface of the dielectric board. 
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Description 

The invention relates in general to radio-frequency 
filter structures. In particular the invention relates to co- 
axial resonator filters having an operating frequency 
higher than 2 GHz. 

A coaxial resonator filter according to the prior art 
comprises several coaxial resonators the electromag- 
netic couplings between which are realised by means 
of hole and link couplings. Fig. 1 shows a few prior art 
implementations for realising the couplings. A filter 1 
comprises a base plate of a conductive material such 
as copper, coaxial resonators 3 and an electrically con- 
ductive casing 6 which encloses the resonators and in- 
cludes electrically conductive walls 7 between the res- 
onators. One end (so-called short-circuited end) of each 
coaxial resonator 3 is attached to the base plate 2 
through which it is earthed, and the other end is open, 
thus constituting a quarter-wave resonator. The walls in 
the resonator casing may have coupling holes 8 for in- 
ter-resonator couplings. The holes are usually located 
near the short-circuited end of the resonator since the 
magnetic field and hence the inductive coupling is the 
strongest there. The size of the hole also affects the 
strength of the coupling. 

The coaxial resonator as such is a resonator type 
known to a person skilled in the art, comprising a sub- 
stantially straight inner conductor and an outer conduc- 
tor coaxially around said inner conductor. The filter ac- 
cording to Fig. 1 has at the upper end of each inner con- 
ductor an expansion the function of which is to form a 
so-called impedance step, or a change of impedance 
along the longitudinal axis of the resonator. The inner 
conductors may also be made without said expansion. 
In Fig. 1 , the casing 6 constitutes the outer conductor of 
each resonator, so it is customary to the call the reso- 
nators' inner conductors 3 resonators in short. 

In the case depicted in Fig. 1 . coupling to a resona- 
tor is realised by means of a so-called link coupling. 
There is beside each resonator a conductive element 4 
and 5, which may be a strip, as in Fig. 1 , or a wire. The 
conductive element is conductively attached from a giv- 
en point to the base plate, being thereby earthed. The 
strength of the coupling can be determined by adjusting 
the distance between the strip and the resonator side- 
ways and vertically. This affects the inductive coupling 
of the resonator. Fig. 1 shows two different ways of re- 
alising a link coupling. Strip 5 is a conductive strip 
shaped like an upside-down U, placed near the resona- 
tor. The desired coupling is achieved by shaping the 
strip and changing its distance from the resonator. The 
problem in this case has been accurate repeating of the 
attachment of the strip to the desired location in the man- 
ufacturing stage so that the assembly usually requires 
a lot of working time before the desired characteristics 
are achieved. It has been noticed that strip 4, which en- 
circles the resonator, can be more easily assembled and 
repeated than strip 5. However, even this link coupling 



takes a lot of inspecting and fine-tuning so it is not very 
well suited to mass production. 

Another alternative method of forming the resonator 
coupling is so-called tapping wherein a conductive strip 
5 or wire is brought into contact with the resonator at a 
given location. The tapping determines the input imped- 
ance "seen" by the line to be connected in the direction 
of the resonator and the correct tapping point can be 
determined by means of either experimentation or cal- 
10 culation. Since the tapping is fixed, its successful reali- 
sation requires that it can be made repeatable with a 
sufficient accuracy as the strength of the coupling can- 
not be adjusted after the tapping has been completed. 
Use of link couplings and tapping is known from the 
15 helix filter technology. For example, Fl patent no. 9551 6 
discloses the use of a conductive strip element to pro- 
duce a link coupling. In addition, said patent describes 
a link element adjustment that can affect the strength of 
the coupling. Tapping of a helix resonator is known e.g. 
20 from Fl patent no. 80542. Helix resonators are usually 
intended for lower frequencies (say, 450 or 900 MHz) 
than coaxial resonators, so the layout accuracy is not 
as critical as in coaxial resonator applications. With 
higher frequencies, the size of resonator structures gets 
25 smaller and thus the required mechanical manufactur- 
ing accuracy becomes more demanding. 

The problem with the link coupling has been the po- 
sitioning of the strip. In series production it has not been 
possible to assemble the strips repeatedly such that the 
30 link coupling be identical in all filters, but every filter has 
to be inspected and adjusted to the desired values by 
bending the link, usually manually. This increases man- 
ufacturing costs and slows down the manufacturing 
process. Since the aforementioned problems have oc- 
35 curred in conjunction with the link coupling, it has in 
practice been nearly impossible to implement tapping in 
the production of coaxial resonator filters in the tradition- 
al ways because finding the correct tapping point has 
been difficult because of the degree of accuracy re- 
40 quired in the positioning and soldering. 

The use of different couplings (link couplings, tap- 
pings, capacitive couplings) as such is known in filter 
technology, but their practical implementations have 
been in part difficult to realise and manage, especially 
45 in coaxial resonator filters. 

An advantage of this invention is to provide a filter 
structure which eliminates the aforementioned disad- 
vantages typical to the prior art, which makes the filter 
structure simpler and more advantageous to manufac- 
50 ture. 

The advantage of the invention may be achieved by 
manufacturing the resonator coupling elements on the 
surface of a layer of an insulating material on the base 
plate or corresponding board. 
55 The high-frequency filter according to the invention 
is characterised in that it comprises a dielectric boardlike 
element and on its surface at least one electrically con- 
ductive element to provide an electromagnetic coupling 
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to at least one coaxial resonator. 

In accordance with an aspect of the present inven- 
tion, a filter comprising at least two coaxial resonators, 
characterised in that it comprises a dielectric element 
and on its surface at least one electrically conductive 
element to provide an electromagnetic coupling to at 
least one coaxial resonator. 

Preferably, the at least one electrically conductive 
element is located on a first surface of the dielectric el- 
ement, and a second surface of the dielectric element, 
which is also the outer surface of the filter, comprises a 
substantially continuous electrically conductive layer. 

For this present invention a filter structure compris- 
ing coaxial resonators a metal base plate can be sub- 
stituted or supplemented by a dielectric board on the 
surface of which conductive patterns may be formed in 
a known manner. For example, striplike conductive ele- 
ments formed on a printed circuit board or other insulat- 
ing material using photolithography are repeated very 
accurately in the manufacturing process. A continuous 
earth plane can be formed on the other side of the die- 
lectric board so that a separate metal base plate is not 
needed. On the other hand, the dielectric board which 
has conductive elements on its surface to provide cou- 
pling to the resonators can also be located at a desired 
distance from a separate base plate if the coupling has 
to be located at a certain height along the longitudinal 
axes of the resonators. According to the invention, the 
inter-resonator couplings in a coaxial resonator filter can 
be realised using link, tap or capacitive couplings, de- 
pending on the characteristics required. 

Compared to separate conductive strips or wires, 
insulating boards and conductive elements formed on 
their surfaces are easily and accurately handled in the 
manufacturing process and their handling can be easily 
automated. The total number of structural elements in 
the filter is reduced, which improves its operating relia- 
bility and decreases the manufacturing costs. In addition 
to the link couplings used so far, also capacitive and tap- 
ping couplings can be employed, which means more 
versatile design options. 

The invention is described in greater detail with ref- 
erence to the preferred embodiments presented by way 
of example and to the attached drawing, in which 

Fig. 1 shows a coaxial resonator filter ac- 

cording to the prior art, 

Fig. 2 shows a coaxial resonator filter ac- 

cording to a preferred embodiment 
of the invention, 

Figs. 3a to 3c show different alternative coupling 
methods in the filter structure ac- 
cording to the invention, 

Fig. 4 shows by way of example a pattern 

on a dielectric board, and 

Figs. 5a to 5c show different embodiments of the 
invention. 



Above, in connection with the description of the prior art, 
reference was made to Fig. 1, so below in the descrip- 
tion of the invention and its preferred embodiments ref- 
erence will be made mainly to Figs. 2 to 5c. Like ele- 
5 ments in the drawing are denoted by like reference des- 
ignators. 

Fig. 2 is an axonometric projection showing a coax- 
ial resonator filter 1' according to a preferred embodi- 
ment of the invention. For illustrative purposes, part of 

10 the electrically conductive casing 6 around the filter is 
cut out in the drawing. Walls 7 divide the casing 6 into 
compartments in the same way as in filters of the prior 
art. In this illustrative embodiment there are five com- 
partments, and in every compartment of a completed 

15 filter there is one inner conductor 3 of a coaxial resona- 
tor, which as such belongs to the prior art and is cus- 
tomarily called a resonator. In Fig. 2, the resonator in 
the middle compartment is not shown so as to illustrate 
an arrangement to attach the resonators. In the lower 

20 parts of the walls 7 there are holes the meaning of which 
is discussed later on. At the edge of the casing 6 there 
may be holes that isolate the casing from port strips 15 
and 16 the meaning of which is discussed later on. 
In Fig. 2, the filter base plate 11 is a printed circuit 

25 board the base material of which is a dielectric material 
(say, FR-4 ; CEM1, CEM3 or Teflon, which are brand 
names of known dielectric materials) such that electri- 
cally conductive areas of desired shapes and sizes can 
be formed by means of a known method on both surfac- 

30 es and on all edges of the printed circuit board. The sur- 
face of the base plate 11 shown in Fig. 2 which is per- 
pendicular to the orientation of the resonators 3 is called 
the top surface, and the surface parallel to it which is 
not shown in Fig. 2 is called the bottom surface. The 

35 names refer to the position of the filter shown in Fig. 2 
and do not limit the manufacture or use of the filter in 
any particular direction. Conductive patterns 21 , shown 
black, are formed on the top surface to provide coupling 
to the resonators 3 and an electromagnetic coupling be- 

40 tween the resonators. On the bottom surface of the base 
plate 11 there is a substantially continuous electrically 
conductive coating (not shown) which constitutes an 
earth plane and is connected to a plating 1 0 on the edg- 
es of the base plate. Said plating has gaps 22 which 

45 separate the continuous plating from port strips 15 and 
16. The port strips are narrow conductive areas on the 
edge of the printed circuit board which are connected to 
certain conductive patterns on the top surface of the 
printed circuit board 11 and thus to certain resonators. 

50 By means of the port strips the filter 1 1 is connected in a 
completed radio device to the other parts of said device, 
such as an antenna, transmit branch power amplifier 
and a receive branch low-noise p re-amplifier. In the 
electrically conductive coating on the bottom surface of 

55 the printed circuit board there is a hole (not shown) at 
each port strip lest there occur a short-circuit between 
the port strip and the earth plane. Instead of a complete- 
ly continuous earth plane it is also possible to form on 
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the bottom surface conductive patterns to which sepa- 
rate components may be attached. However, reducing 
the unity of the earth plane usually deteriorates the elec- 
tromagnetic characteristics of the filter since electro- 
magnetic energy then leaks outside the filter. 

For the attachment of resonators 3 the printed cir- 
cuit board 11 has at each resonator a hole 12 on the 
inner surface of which there is a metal plating or other 
electrically conductive coating connected to the electri- 
cally conductive coating, or the earth plane, on the bot- 
tom surface of the printed circuit board. The inner sur- 
face of the hole need not be metal plated if the electrical 
coupling to the resonator can be made reliable enough 
in some other way. To ensure the best possible electric 
contact and to realise accurate electromagnetic dimen- 
sioning each hole 1 2 is encircled by a ring of conductive 
coating also on the top surface of the printed circuit 
board. The invention does not define the method used 
for attaching the resonators to the printed circuit board, 
but any known method for attaching a small-sized con- 
ductive element to a printed circuit board is applicable. 
The resonators can be soldered to their places or at- 
tached using electrically conductive glue, for example. 
The invention only requires that the resonators are at- 
tached firmly and have a good enough electric contact 
to the earth plane at that end which faces the base plate. 
Making of holes the inner surfaces of which are plated 
is known from the manufacturing of ordinary two-sided 
printed circuit boards and multilayer printed circuit 
boards in which such holes are called vias. 

Figs. 3a, 3b and 3c show examples of different con- 
ductive patterns which are formed according to the in- 
vention on the surface of a printed circuit board 11 and 
which provide coupling to the resonators. In Fig. 3a, pat- 
tern 17 represents a link coupling wherein the pattern 
17 encircles a resonator (here: a resonator's attachment 
hole 12) without a direct contact to it or to the ringlike 
conductive area that encircles it on the surface of the 
printed circuit board. In addition, the link coupling has 
to be connected from a certain point to the earth plane, 
which is realised e.g. in such a manner that the conduc- 
tive pattern 17 is connected to a conductive area 1 0 on 
the edge of the printed circuit board as shown in Fig. 3a. 
The correct spot at which the conductive pattern 17 is 
connected to the earth plane can be determined by 
means of calculation or experimentation. The strength 
of the link coupling is determined by the distance be- 
tween the conductive pattern 1 7 and the conductive ring 
13 around the hole 12. The smaller the distance be- 
tween the conductive pattern 1 7 and the conductive ring 
13aroundthe hole 12, the stronger the linkcoupling and 
vice versa. 

Pattern 19 in Fig. 3b represents a tapping in which 
the conductive pattern 1 9 is connected directly to a con- 
ductive area 1 3 encircling a hole 1 2 in the printed circuit 
board. In this case the strength of the tap coupling is 
determined on the basis of the length of the pattern 19 
and the thickness of the printed circuit board 11. The 



distance between the tapping point and the short- 
circuited end of the resonator, measured along the lon- 
gitudinal axis of the resonator, equals the thickness of 
the printed circuit board. Since the electrically conduc- 

s tive coating on the inner surface of the hole 1 2 is only a 
few micrometres thick, it does not substantially add to 
the thickness of the resonator in that part which pene- 
trates the printed circuit board and, therefore, does not 
cause a noticeable impedance step at the level of the 

10 top surface of the printed circuit board along the longi- 
tudinal axis of the resonator. According to the invention, 
capacitive coupling can also be realised as depicted by 
pattern 20 in Fig. 3c. Therein, a conductive area 20 en- 
circles the resonator (here: the resonator's attachment 

15 hole 12) without a direct contact to the earth plane or 
resonator. The strength of the capacitive coupling is de- 
termined on the basis of the distance between the ring- 
like conductive area 20 and the conductive ring around 
the hole 12 in the same way as described above with 

20 reference to link coupling. 

Fig. 4 shows a printed circuit board's top surface 
containing several couplings, including link, tap and ca- 
pacitive couplings according to Figs. 3a to 3c. The figure 
also shows a conductive coating 10 along the edge of 

25 the printed circuit board and port strips 1 4, 1 5 and 1 6 in 
the gaps of said coating. Tap coupling 1 9 extends to the 
left in the figure so that it is connected to both the link 
coupling 17 and port strip 14. Also the linkcoupling part- 
ly encircling the middlemost resonator hole and the ca- 
se* pacitive coupling ring 20 encircling the adjacent hole to 
the right are in direct galvanic contact with each other. 
Additionally, there is a connection from the link coupling 
of the middlemost resonator hole to port strip 15. The 
link coupling partly encircling the rightmost resonator 

35 hole 12 is connected to port strip 16. The printed circuit 
board according to Fig. 4 can be used to implement a 
duplex filter for a two-way radio device, said duplex filter 
being connected via port strip 14 to a transmit branch 
power amplifier output port (not shown), via port strip 1 5 

40 to an antenna (not shown) of the radio device and via 
port strip 16 to a receive branch low-noise pre-amplifier 
input port (not shown). 

The straight conductor strips 23 that extend towards 
each other from the edges of the printed circuit board 

45 1 1 are intended for creating a contact between the print- 
ed circuit board 11 and the lower edges of the walls in 
the filter casing. The gaps are illustrated mainly in Fig. 
2. At the peb-side end of a wall there may be a small 
gap the main purpose of which is to isolate the wall from 

50 the coupling pattern extending from resonator to reso- 
nator. Then the straight conductor strip formed on the 
surface of the printed circuit board for the lower edge of 
the wall is interrupted so that its ends come relatively 
near to the coupling pattern extending from resonator to 

55 resonator as in Fig. 4 between the middlemost resonator 
and the resonator closest to it on the right. The wall may 
also have a hole to only provide an electromagnetic cou- 
pling between adjacent resonators so that on the sur- 
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face of the printed circuit board the corresponding con- 
ductor strip is "cut" even if there is no inter-resonator 
conductor strip at that location. This is illustrated in Fig. 
4 by the conductor strip 23 between the middlemost res- 
onator and the resonator adjacent to it on the left as well 
as by the conductor strip 23 between the two rightmost 
resonators. A gap in a wall may also have both afore- 
mentioned functions so that the gap often is bigger than 
what is required just for isolating the wall from the inter- 
resonator conductor strip on the surface of the printed 
circuit board. This is illustrated in Fig. 4 by the arrange- 
ment between the two leftmost resonators. If a wall does 
not have a gap at all, the corresponding conductor strip 
can naturally extend from one edge of the printed circuit 
board to the other uninterrupted on the surface of the 
printed circuit board. In some cases it may be advanta- 
geous to arrange an electric contact between the inter- 
resonator coupling pattern and the conductive pattern 
formed for the lower edge of a wall. 

It is obvious that the shapes and dimensions of the 
coupling patterns formed on the surface of the printed 
circuit board 11 according to Figs. 3a to 3c and 4 are 
presented by way of example only and do not limit the 
invention. Both on the basis of theoretical analysis and 
by means of practical experimentation it is possible to 
provide conductive patterns that have different shapes 
and dimensions and that realise desired inter-resonator 
couplings as well as couplings between the resonators 
and port strips. The number and functions of the port 
strips may vary. Solder pads can also be formed on the 
top and/or bottom surface of the printed circuit board, 
and separate components such as resistive, capacitive 
and inductive components as well as switching semi- 
conductors such as PIN diodes can be connected to 
said pads. In some cases it is advantageous to amplify 
the signal between the resonators, in which case a 
small-sized radio-frequency amplifier can be connected 
to the printed circuit board, and the voltage signals for 
said amplifier are brought to the structure via separate 
port strips. The separate components can be connected 
to the conductive patterns and earth plane on the sur- 
faces of the printed circuit board in many different ways 
so that it is possible to realise e.g. switchable filters the 
frequency responses of which vary as a function of an 
electric control signal brought to them. The conductive 
patterns may also form geometric structures which have 
a passive shaping effect on the high-frequency signal 
travelling between the resonators or between the reso- 
nators and port strips. Such passively affecting geomet- 
ric patterns include various known stripline structures to 
attenuate harmonic frequencies. 

Figs. 5a, 5b and 5c are side views (without the cas- 
ing) of different embodiments for realising a radio-fre- 
quency filter according to the invention. All these em- 
bodiments share the inventional ideathat coupling tothe 
resonators of a coaxial resonator filter is realised via 
conductive patterns formed on the surface of a dielectric 
boardlike structural element. In the figures, the dielectric 



boardlike structural element is a printed circuit board 
and the thickness of the conductive patterns formed on 
its surface is exaggerated in the drawing so as to make 
them more discernible. The filter described by Figs. 5a, 

5 5b and 5c only has two resonators, which illustrates the 
fact that the invention does not set any limit to the 
number of resonators in the filter. 

In Fig. 5a, the structure of the filter 50 corresponds 
to a great extent to that of the filter shown in Fig. 2. A 

10 printed circuit board 51 serves as a substrate for the fil- 
ter. Conductive patterns 52 on the top surface of the 
printed circuit board realise the required couplings to the 
resonators 53 and also provide connections to port 
strips 54. On the bottom surface of the printed circuit 

15 board 51 there is a substantially continuous electrically 
conductive coating 55 which acts as an earth plane and 
is isolated from the ports strips 54 as shown in the detail 
on the right. The earth plane and the electrically con- 
ductive coating along the edge of the printed circuit 

20 board 51 are coloured grey to distinguish them from the 
conductive patterns 52 and port strips 54 which are col- 
oured black. In the detail, the port strip and the area 
around it are viewed looking into the bottom of the filter. 
The structure according to Fig. 5a can be modified so 

25 as to disclose a structure wherein the printed circuit 
board 51 is a multilayer printed circuit board having con- 
ductive patterns according to Fig. 5a on its top surface, 
a continuous earth plane on one of its intermediate lay- 
ers, and possibly more conductive patterns or separate 

30 components on its bottom surface. 

In Fig. 5b the structure of the filter 50' is otherwise 
identical to that shown in Fig. 5a, but instead of (or in 
addition to) the coating on the bottom surface of the 
printed circuit board 51 the earth plane is formed by a 

35 separate plate 56 made of an electrically conductive ma- 
terial. The invention does not define the method used 
for attaching the plate to the rest of the filter. The plate 
56 may have holes for the attachment of resonators in 
the same way as the printed circuit board 51 or it may 

40 by continuous, in which case the resonators are at- 
tached to the top surface of the plate 56. The plate 56 
is isolated from the port strips in the same manner as 
described in the detail of Fig. 5a for the coating of the 
bottom surface of the printed circuit board or in some 

45 other way. In the embodiments of both Fig. 5a and Fig. 
5b the distance of the conductive patterns on the top 
surface of the printed circuit board 51 from the earth 
plane depends on the thickness of the printed circuit 
board. Said distance has some effect on the filter's elec- 

50 trical characteristics and a suitable printed circuit board 
thickness can be found through experimentation. Natu- 
rally, a second printed circuit board can be added under 
the base plate 56 in the structure shown in Fig. 5b which 
can be used to realise separate components or other 

55 couplings affecting the operation of the filter. 

Fig. 5c shows a somewhat different structural ar- 
rangement for realising the filter 50". Therein, the base 
plate 56 in the lower part of the filter is not directly con- 
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nected to the printed circuit board 51", but there is an 
air gap between them. In this embodiment, the conduc- 
tive patterns formed on the surface of the printed circuit 
board 51 11 are located as far away as possible from the 
earth plane, which can be advantageous in some appli- 
cations of the invention. Additionally, the printed circuit 
board 51 11 may have conductive patterns (and separate 
components, among other things) on its top and bottom 
surfaces. A suitable distance between the printed circuit 
board 51 " and the base plate 56 can be found by means 
of experimentation. The printed circuit board may be lo- 
cated at any height along the longitudinal axis of the res- 
onators. If the printed circuit board is located farther 
away from the base plate than the length of the longest 
resonator, it need not even have holes for the resona- 
tors. If the base plate 56 is metal as in Fig. 5c, it consti- 
tutes an earth plane by nature. An embodiment can be 
disclosed which is otherwise like that shown in Fig. 5c 
except that the base plate constitutes a printed circuit 
board so that there may be conductive patterns and sep- 
arate components on its top surface and a continuous 
earth plane on its bottom surface. 

The embodiments described above by way of ex- 
ample can be modified within the scope of the invention 
defined by the claims set forth below. The number, 
shape or location of the resonators is not limited. The 
filter can be formed using only one of the couplings de- 
scribed or combinations of the couplings. Dimensions 
and details of the structure are chosen according to the 
frequency response required. The term "printed circuit 
board" used in the description for simplicity covers all 
dielectric, substantially boardlike pieces on the surface 
of which electrically conductive patterns may be formed. 

The scope of the present disclosure includes any 
novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisation 
thereof irrespective of whether or not it relates to the 
claimed invention or mitigates any or all of the problems 
addressed by the present invention. The applicant here- 
by gives notice that new claims may be formulated to 
such features during prosecution of this application or 
of any such further application derived therefrom. 



Claims 

1. A high-frequency filter (1 ', 50, 50', 50") comprising 
at least two coaxial resonators (3, 53), character- 
ised in that it comprises a dielectric boardlike ele- 
ment (11, 51, 51") and on its surface at least one 
electrically conductive element (17, 19, 20, 21, 52) 
to provide an electromagnetic coupling to at least 
one coaxial resonator. 

2. The high-frequency filter of claim 1 , characterised 
in that said dielectric boardlike element has a hole 
(12) for each inner conductor of a coaxial resonator 
and each inner conductor (3, 53) of a coaxial reso- 



nator extends through the dielectric boardlike ele- 
ment. 

3. The high-frequency filter of claim 2, characterised 
s in that the edges of each hole (12) in the dielectric 

boardlike element have an electrically conductive 
coating. 

4. The high-frequency filter according to claim 2 or 
10 claim 3, characterised in that it is shaped substan- 
tially like a rectangular prism and comprises as one 
of its sides a base plate to which coaxial resonators 
are attached from one end, and that said dielectric 
boardlike element is said base plate. 

15 

5. The high-frequency filter of claim 4, characterised 
in that said at least one electrically conductive ele- 
ment (17, 19, 20, 21 , 52) is located on a first surface 
of the base plate, and a second surface of the base 

20 plate, which is also the outer surface of the filter, 
comprises a substantially continuous electrically 
conductive layer (55). 

6. The high-frequency filter according to any of claims 
25 1 to 4, characterised in that it is shaped substantially 

like a rectangular prism and comprises as one of its 
sides an electrically conductive base plate (56) to 
which coaxial resonators (53) are attached from 
one end, and said dielectric boardlike element (51, 
30 51") is parallel to the electrically conductive base 
plate. 

7. The high-frequency filter of claim 6, characterised 
in that said dielectric boardlike element (51) and 

35 electrically conductive base plate (56) are located 
one immediately on top of the other constituting a 
continuous boardlike structure. 

8. The high-frequency filter of claim 6, characterised 
40 in that said dielectric boardlike element (51") and 

electrically conductive base plate (56) are separat- 
ed from each other and the dielectric boardlike ele- 
ment has a hole for each inner conductor (53) of a 
coaxial resonator and each inner conductor of a co- 
45 axial resonator extends through the dielectric 
boardlike element. 

9. The high-frequency filter of claim 6, characterised 
in that said dielectric boardlike element and electri- 

50 cally conductive base plate are separated from 
each other and the dielectric board is solid and is 
located farther away from the electrically conduc- 
tive base plate than what is the length of the longest 
coaxial resonator inner conductor. 

55 

10. The high-frequency filter according to any of claims 
1 to 9, characterised in that said at least one elec- 
trically conductive element is a link coupling ele- 
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ment (1 7) which is in direct galvanic contact with the 
outer conductor (10) of the coaxial resonators and 
which is not in direct galvanic contact with the inner 
conductor ot the coaxial resonator to which it makes 
an electromagnetic coupling. s 

11. The high-frequency filter according to any of claims 
1 to 9, characterised in that said at least one elec- 
trically conductive element is a tap coupling ele- 
ment (1 9) which is in direct galvanic contact with the 10 
inner conductor of the coaxial resonator to which it 
makes an electromagnetic coupling and which is 

not in direct galvanic contact with the outer conduc- 
tor of the coaxial resonators. 

15 

12. The high-frequency filter according to any of claims 
1 to 9, characterised in that said at least one elec- 
trically conductive element is a capacitive coupling 
element (20) which is not in direct galvanic contact 
with the inner conductor of the coaxial resonator to 20 
which it makes an electromagnetic coupling and 
which is not in direct galvanic contact with the outer 
conductor of the coaxial resonators. 



13. The high-frequency filter according to any of claims 25 
1 to 1 2, characterised in that said at least one elec- 
trically conductive element extends to the vicinity of 

at least two inner conductors of coaxial resonators 
to provide an electromagnetic coupling between the 
coaxial resonators in question. 30 

14. The high-frequency filter according to any of claims 
1 to 1 3, characterised in that it comprises at the 
edge of said dielectric boardlike element at least 
one port strip (1 4, 1 5, 1 6) to provide a coupling be- 35 
tween said at least one electrically conductive ele- 
ment and an electric structural part outside the filter. 

15. The high-frequency filter according to any of claims 

1 to 14, characterised in that it also comprises on 40 
the surface of said dielectric element at least one 
separate component to affect the frequency re- 
sponse of the filter. 

16. The high-frequency filter according to any of claims 45 
1 to 1 5, characterised in that said at least one elec- 
trically conductive element comprises a certain ge- 
ometric shape to affect the frequency response of 

the filter. 

50 

17. The high-frequency filter according to any of claims 
1 to 16, characterised in that it is a duplex filter for 
filtering a transmission and reception signal in a ra- 
dio apparatus in which the transmission and recep- 
tion occur via one and the same antenna. 55 
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Fig. 5c 
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